2015 4 9 A ERFEAZZRCEAFFRO Sep. 2015
#32% 5 H Journal of Chongqing Normal University (Natural Science) Vol. 32 No. 5

DOI:10. 11721/cqnuj20150530

— % A FTBERRRL A0 SIS & SRR RIS BT

BmIN, BEA
(FE RITTE R 2% BeF2= B, R 401331)

BMEEATADERFEAUELINELAHEATEEAEENIALENL, BAF R - RE LR L tmLEmA

Dii%H’wﬁﬁ&?ﬁﬁ,Ei~4\%%%4\ﬁiﬁfﬂﬁ7ﬁﬂﬁ’ﬁﬁ%%ﬂifié)%'ri%%ﬁibﬂ%é’ﬂ SIS te fem A, 45 FlH £

AELEBR MERMAANHAEELI T AL  REE ARSI UMW LR THELA MM TR FH SRR ES G, 5k
R<<18 , LR THAABHELRE ;SR >1E T FITELAABHRABRE, K. LHAFTREIBEHFERLANE
b A s,

KHEIR SIS 7 B W AL 7 MR E M EARE A K

FESES:Q332 XHERFRERL A XEHS:1672-6693(2015)05-0081-04

1LY gis AR I 24 A thE BT I ) — AR )8, & i ER VR AL L SARS AR5 R A S L 22 T8 BE 0], TR A
P Tl A% G S22 At SR A Ry BT A TR R R AR o3 T R Y 5 A% o I AL R LB — R R B TR

TE 25 MLfy ST AL Je g iR b, 78— A i X AP i 7 0N TR B0 il 3 4 5 G (S) FE e & (D, i %
PR s =a—BSI—bS+dI, I'=pSI— (b+d) 1 Frr"™ , Hrp a FoR AL A] A T A B0 R AT HRBET
Rod R BERGF M ALIRIT AT 5y B AR AR BST Fon (G Yiis AL Yoo, B R AL 3% R4

Y T A% G B 02 A s h AR B RS, ARV AZ R R R 1 2 B A i 4% e IGO0 IR A R B Y

SCHRTS 18 & A A JE 2X9 AR L AL e 380 R geAese M . 9, SOk 3-5 ] E"Jﬁ?ﬁ%%i@ﬁﬂv%o R, AR

RSty D R B SR 1% A M 6 o S T 6 4 L 766 41

(R E P 26 0 TRD IR 25 0 1 50 07 U T 2 8 119 B0 S SRR [ 7-8 175 JE TR IH A% e 3R A% 1R T I ¥l X AR e A 2 1
Wil o PRI , BE— 25 T 5 28 A LR A e R B e Y i B B S A 08 L O 7 8 B 08 = =1 AR Z AL e 50y

) S
HSHHTE’J%%)D

73— 77 T BR T AL G AR AL Qe B L MR LA 3 T B R — DR N R AR A . i, SCRkE 2, 9]
LT JEAE WA BEHR (5] M R0 BRI RS 25 AF R P 5 a5 O RRE 1 . SCHR(10 175 1B 0% — B BEBR IR 85 T 1 R A e ME /Y
FEOr A MREIERAE RO Th EER IO TR AR FRL R . e A BER Z B 5 REH G5 7. AXE
THBAEXS IR T M REL F Xt R e A0 E PR

BT B PN PR K 25 AL e Y A 2k M AT e SN DI RS 19 BEBR AN L ST AR Y STS AL B AL

f_ o BSIL _
S[ a 1+Sl+11 /7S]7Ld11 +QSZ (151 ’
F_ BSIL
I] 1+SI+II (b+d+a)11+a12,
8.1 (L
Szza_m_b52+d12_052+asla
’ S I
Izzlfsﬁ—(wczﬂ)lﬁalu

*»  WFHH:2014-06-23 f&E B #3:2015-05-10 ) 48 Y AR B 18] : 2015-06-08  12:29
FRETA : E R B RF 4 (No. 10971240) ; B E #RHE H S35 H (No. 212138) ; T R T 25 K 8137 41 BA (No. KJTD201308) 5 T PR i 0 ZE B
#F3 H (No. KJ120630)
EZ & A5 B ST ) R TR 5 80 1 R SE . E-mail : 1031799910@qq. com; W5 1EE #3545 . Z4% . E-mail : yangzhch@126. com
W 4% H RR ik - hitp://www. cnki. net/kems/detail/50. 1165, n. 20150608, 1229. 003, html



82 FRMEAFFRCARBAFHR  http://www. cqnuj. cn % 32 %

Forp o R A BEB M B R R, FUM T R 0 S e iy ST AR G B RUAN [R] .y 92 B 8 SCH R ARG @0 Bhabod

BS.I, -
jkﬁam =1,2) NI $1§ 343
BRI SCHRT 2] 72 X BEA AR B Ry = —— B9 RHEE A% BB (1) 0 467 25 47 76 M IR«

(a er) (i +d)
1) Ry<<1 B AEFEME— 1 T 055 -4 4 Eo:(;,o,;,oj;

a __a

2) Ry=>1 W A AEME— 37 Al B =(S™ .17, S™ 1) i S* = 2.1 = .
bRO b bR,

2 S ) LA P A RN R P A R AR, 0 BT T N RO A N A LR AL Y R Y STS 15 R AL (1) By TS
9o A5 e, A b T S A T T AR e

1 TR FEEENBARE M
S 4 TE T R AR E e 1 TE A A
EE 1 MR <1M, REWDETH VA E = (/ 0, ,o)um ST AR
ERR R4 (D RHERT H A

A B
J(SlsL’Sszz)( ja
B

C
/\q:"
 BLABL: ~ BS,+pS,*
| AFS LY b—a (1+SJ+L)f+d
BI +pI, psitps,t ., |
(1+S,+1,)? (1+S,+1,)?
o .)
B— ’
0 «a
_ BLABRL* _ BS.tBS,?
| Sy’ b 1+, +1) ¢
BI,+BI, * pS.+ps,t ., |
(1+S,+1,)° (1+S,+1,)" 7 “
A5 TR 5 E, — ( 0.4 jﬁ/\%TtE%EK?EEPWUﬁ
o —Ba
b—a +[)+d a 0
pa . .,
0t d—b—a 0 a
JE,) = 8
g - pa
a 0 b—a a+[)+d
pa . .,
0 a 0 oD d—b—a

FERE J CE ) X R RFAE 5 72 0 RR AR 23031 A

/11:71)’/12: [ Zaskg_ g‘jb bid A.L_ 6{1& b*d*Zao

5 R, <L A0 As s A Ay B R L R 8 COFE TR T E, A #EERE HiE b
2 7R T E R REEBIRE S

S T R A A R AR A AT S AE — E S T M R A Y R R E
EIE 2 WHR R, > 1,904 9k -7 s #i s e g .
IERA  BrHb 5 A S E AR ACHE S AR L A




%5 4 M XI5 — 2 BT SR SR A W By SIS th 3 AR AL oy ROE M AT 83

, C B
J(EW( ],
C

B
Hrp
BT Hprt _ BST+pS*?
o (1+S" +1")° b—a (1+S*+I*)2+d B:[a oj
BI* +pI* BS* +pS** g ’ 0 a)°
(1+S" +17) (1+S +17) ¢

HFH 73 P o i BE 3 L A7

c—2I B C+B—2I B
det(J(Ex)/U)det[ B C)(Ij et[ +O C+BAI)det(C+B/U)det(CB/U),
H
BBt pST RS
CAB— (1+S"+1")° (A+S" +1")°
BI" +pI"° ps-+pst

(1+S* +1")* (1+S" +I1")?
MR, >1 R4

BS*+pS :
A+s +1 740
NSE tr(A+B)<<0, FHfIEHE Ry =>1 B det(A+B) IEFRIEN .
_ [ I Hpr } BS" +pS }
det(A+B) |:(1+SX+I>:)2+5 <1+SX+IX)2 b—d |+
BS* +p8S°: M Bl" +pI"* }:[7 BS" +pS : }
[(1+S"+I*)2 Y Q+s +1) b ds b DA =0,
A, tr(A+B)<<0,det(A+B)>0,A+B A M4 S04 .
%,IR(J>1 Hrj‘v
_pIr+pIrt _ BSHBS"?
a_p| aFSTEIY b=2a (1+S*+I*)2+d
‘81* +B1x2 BS* +Bsx2 _b_d_za °©
(1+S*+1I")° (1+S*+1I")°

RIEL A IE , 50 tr(A—B)<<0,det(A—B)>0. Frlh A— B BYFRAEE A WA 7 SCEUE
ZE LRTIR 7 Ro>1 B J(E™ ) BUSHE 2 W) BT A S IEAR BN R T S8 NI R R (D FEH 7 B 5 EX =(S™
1" ,S" 1" )k R i vt fa e F B

3 HERM

J T B UESS T A RO 4 B (D) BT AT S8 A 8 R B B

B 1 BAI(DOH,=0.9.,a=0.8,a=1,b=0.4.d=0.3,

AMETH A AR AR Ry =0. 734 7<<1, & #1150, BAL (D) F7 78 ME— B Joim - o5, B ke . B 1 4
B AR R R B RS T, Horh =0 MR A (1,0. 5,2, 1),

Bl 2 AR F,=0.9,a=0.9,a=1,6=0.2,d=0. 3,

AHMETT B REAR AL R, =3. 2401, @ B 1 3L B (O A7 FEME— B9 T00 A5 . HWnnfeE . B 2 44

HEa 2 v pg i EPR S L Hod c=0 B99I(E R (1.0.5.2,1),
2

~ 23 a —— patch-1
T’ 2r — paich-1 'I:I‘ 15 ---- patch-2
AL5 - patch-2 R N
1() 10 20 30 40 50 60 70 0 10 20 30 40 5t0 60 70 80 90 100
t
1
~ ! a —— patch-1
'ﬁ‘r 0.5 patch-1 'l:l' 0.5 -~ patch-2
':.:N -~ patch-2 S
00 10 20 30 40 50 60 70 0 10 20 30 40 5t0 60 70 80 90 100
t

B 1 SHNE 1MRE(DOBKERFIE B2 SN 2HRE(DOHNEFRFIIE



84 Journal of Chongqing Normal University (Natural Science) http://www. cqnuj. cn Vol. 32 No. 5

4 ZEig

ASCE B TAE A BEP AT IR B 1) — e AR R R A% G A8 STS A% YL AU, 45 H 17 80 R XF 107 ) 6 AR
A0 IF AR A PR BORE T AT T J00 - 7 R M 75 0 - A A A Jes B RS M ) T8 AR . X IR 2R R i —
AR S B T LK AT 2 n D BESR B 00 L 7R LA HOE 29118

SH Wk

(1] BifE—., ERh. AECE 5 (M. db 50 Bl 2% W At sity of Science and Technology: Natural Science, 2011, 5:
2008. 136-137.

Lu Z Y.Wang W D. The forefront of biomathematics M]. [6] Pathak S,Maiti A,Samanta G P. Rich dynamics of an SIR
Beijing: Science Press,2008. epidemic model [J]. Nonlinear Analysis: Modelling and

[2] Yasuhiro T, Xian N,Jin G. Global dynamics of SIS models Control,2010,1:71-81.
with transport-related[]J]. Journal of Mathematical Analy- [7] Abdelilah K, Abdelhadi A, Talibi A H,et al. A comparison
sis and Applications.2007,4:1460-1471. of delayed SIR and SEIR epidemic models[]]. Nonlinear A-

[3] Xu R,Ma Z E, Global stability of a delayed SIR epidemic nalysis: Modelling and Control,2011,16(2) :181-190.
model with nonlinear incidence rate and time delay[ J]. Dis- [8] Kaddar A. Stability analysis in a delayed SIR epidemic
crete Dynamics in Nature and Society, 2009, 10(5):3175- model with a saturated incidence rate[ J]. Nonlinear Analy-
3189. sis: Modelling and Control,2010,3:299-306.

[4] Xu R,Ma Z E,Wang Z P. Global stability of a delayed SIRS (9] ZEvk, THE. —FSFE AN BEHL NN 10 5 8 119 1% e o5 55 750 114
epidemic model with saturation incidence and temporary W] ]. b TR R F 4R . B R B4, 2009,27(1) : 56-
immunity[ ] ]. Computers and Mathematics with Applica- 60.
tions,2010,59(9) :3211-3221. Li B, Wang H. Study of an epidemic model within two

(5] TAES, S5 0r, i, HA JE 2o 1% e SR8 5 3h 71 2% plaques migration[ J]. Beijing Technology and Business U-
BRI B RS P o3 B [T ], BRVE BB K22 4. A SRR 22 i, niversity: Natural Science,2009,27(1) :56-60.
2011,5:136-137. [10] Wang W D, Zhao X Q. An epidemic model in a patchy en-
Wang J Y.Dou Q H, Tong S S. Stabilityanalysis of virus vironment[ ] ]. Math Biosci,»2004,190:97-112

dynamics with nonlinear incidence rate[ J]. Shanxi Univer-

Stability Analysis of an SIS Epidemic Model in Two Patches

YANG Wenchuan, YANG Zhichun
(College of Mathematics Sciences, Chongqing Normal University, Chongqing 401331, China)

Abstract: Research of an SIS epidemic model with nonlinear incidence rate in two patches has important practical significance. First-
BSI . . . . . .
THS+1 and population dispersal, and establish an SIS epidemic model in two

patches with nonlinear incidence rate. Then, by using the basic reproduction number and zhe eigenvalue of zhe linear system analy-

ly, we consider the effects of nonlinear incidence rate

sis. we obtain threshold conditions on stability of the disease—free equilibrium and the endemic equilibrium effects. That is, if R, <<
1, the disease—free equilibrium is locally and asymptotically stable; while the endemic equilibrium is locally and asymptotically sta-
ble if R,>>1. Finally. we give examples and numerical simulations to illustrate the effectiveness of the conclusions.

Key words: SIS epidemic model; local stability; basic reproduction number
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